This paper proposes a methodology for assessing the concentrator solar cell reliability in a real application for a given location provided the results from accelerated life tests. We have applied this methodology for the evaluation of warranty times of commercial triple junction solar cells operating inside real concentrator modules in Golden (Colorado, USA), Madrid (Spain) and Tucson (Arizona, USA) for the period 2012-2015. Warranty times in Golden and Madrid, namely, 68 and 31 years, respectively, for the analysed period, indicate the robustness of commercial triple junction solar cells. Nevertheless, the warranty time of 15 years for Tucson suggests the need of improvement in the heat extraction of the solar cell within the concentrator module. Therefore, the influence of the location on the reliability of concentrator solar cells is huge, and it has no sense to supply general reliability values for a given concentrator product. The influence of these warranty times for the three locations on the levelised cost of electricity has been analysed. Cost of €clO-12/kWh can be achieved nowadays, while after 1 GW" cumulative installed power, a dramatic reduction to levels of €c2-3/kWh is achievable.
INTRODUCTION
During the last years, III-V solar cells have been widely used in concentrator photovoltaic (CPV) systems due to their high demonstrated efficiency (40-42% for commercial triple junction, while 46% and 44.4% at laboratory scale for four and triple junction cells respectively) [1] that allows a reduction in installation size and costs [2, 3] . In order to have a wide deployment of CPV systems, one important pending issue is to demonstrate long-term reliability on field. After more than 10 years of experience, a big amount of progress has accomplished by CPV in such a way that several plants are exhibiting an almost negligible degradation after years of operation [4] . Well-developed commercial CPV modules are nowadays very reliable, and they have a negligible impact on the unreliability of modern CPV plants. However, the historic evolution of CPV modules is plenty of different types of failures, such as thermal runaway, ground faults and deficient seal [5] , whose appraisal and comprehension of the physical causes behind have allowed their control and, eventually, their suppression.
Despite this improvement and good performance exhibited by most modern CPV plants and modules, their deployment around the world is not widespread enough and their reliability track record on field is far from the 30-year target. Therefore, accelerating ageing tests providing the long-term reliability are of great help.
A key difference between CPV and PV is the higher thermal stress experienced by CPV systems. The thermal stress suffered by the heart of the CPV systems, namely, the concentrator solar cells, is of particular interest. This stress, and therefore reliability, depends in an important way on the location where the CPV systems are placed.
Climate affects both the performance and reliability of photovoltaic modules, and there are several works that analyse the influence of atmospheric conditions, location, etc. on the performance of conventional solar modules [6] [7] [8] . However, to the best of our knowledge, there is no work that analyses neither the influence of climatic location in the reliability of CPV solar cells nor its influence in the LCOE (levehsed cost of electricity).
It is well known that temperature affects reliability. Most of failure mechanisms in a device are accelerated by temperature, and therefore, life parameters of a product are accelerated by temperature. In the particular case of CPV solar cells operating under real conditions, temperature is an uncontrolled parameter that depends on several atmospheric parameters such as ambient temperature, irradiance and wind, which vary with climatic location and thermal management in CPV design.
In previous works, we have calculated the reliability parameters of CPV solar cells by means of temperature accelerated life test (ALT) [9] [10] [11] . From these ALTs, the reliability function, R (t), the probability of failure as function of time, etc. were determined by assuming that the CPV solar cells were at a fixed temperature during a specific number of hours per day, namely, 80 °C during 5 h per day.
However, the consideration of stable working conditions in CPV solar cells is far from reality because there are many parameters (impinging irradiance, ambient temperature, wind speed, etc.) that vary along the day, year and location. These environmental parameters dramatically influence the solar cell temperature, making difficult to obtain the reliability results under real operation conditions at a given location. This information is key in order to estimate the real lifetime of the CPV solar cells. Accordingly, in this paper, we face that problem by proposing a methodology that assesses the solar cell reliability parameters in a real application for a given location from results obtained from ALTs. The methodology is applied to the case studies of Golden (CO, USA) [12] , Madrid (Spain) and Tucson (AZ, USA) [13] . As lifetime of CPV cells (and systems) directly impacts LCOE, an analysis in those three locations is also carried out.
MODEL DESCRIPTION
The steps to extrapolate the reliability data obtained in an ALT for an arbitrary temperature to the real operation conditions at a given location are the following: (i) to evaluate the solar cell temperature at any time (instantaneous temperature) for a specific location and year and (ii) to evaluate the solar cell reliability for a specific location and year, using both the solar cell instantaneous temperature evaluated in the previous step and the reliability parameters obtained from a temperature ALT, assuming a specific reference solar cell temperature for reliability purposes [10] .
Determination of the solar cell temperature
There are several models for the determination of the solar cell temperature from atmospheric parameters [7, 14, 15] . In this work, solar cell temperature is determined by means of a model based on an equivalent thermal circuit that was evaluated in the field for the same type of solar cells used in this work [16] .
The simplified equivalent thermal circuit of a CPV module can be described by two series connected thermal resistances, R^ c _ m and R^ ma (Figure 1) the CPV module, and therefore, _R m ma is highly dependent on wind.
In the thermal circuit model (Figure 1 ), the temperature increment depends on both the thermal resistances and the power dissipated by means of the following equations:
Tcell -* mod * mod ~ * amb P ' Rth c_m -P ' Rth m_a (1) where the heat power (P) dissipated in the solar cell with an area (A) is related to the impinging irradiance (also called direct normal irradiance, DNI), concentration (C) and optical and solar cell efficiencies, ^o p and ^c ell :
Therefore, the instantaneous temperature of the solar cell can be determined if the power dissipated in the solar cell, both thermal resistances and instantaneous atmospheric data (namely, ambient temperature (I^b), DNI and wind speed), are known:
In Eqn (3), there are parameters related only with the CPV module design (*/ op , */ cell ,A,C and _K m cm ), parameters related with climatic conditions (T amh and DNI) and, finally, _R m ma that is related with both the CPV module design and the climatic conditions because Rth m_a is affected by wind speed as it will be shown in section 3.
In this work, the model will be applied to a specific type of solar cell implemented in a CPV module, whose reliability and thermal behaviour have been analysed in previous papers [10, 16] . In order to evaluate the solar cell instantaneous temperature, it is necessary to know both Rth m_a and Rth c_m at the CPV module in field together with the atmospheric database of irradiance, ambient temperature and wind speed at the required location. This database must provide instant atmospheric values (not hourly, daily or monthly mean values) that allow us to determine the solar cell instantaneous temperature.
In this work, we use instantaneous meteorological database recorded every minute, and therefore, we assume that during that minute, the climatic parameters are stable. Three different locations suitable for CPV systems, namely, Madrid (Madrid, Spain), Golden (Colorado-USA) and Tucson (Arizona-USA), will be analysed.
Determination of the solar cell reliability
In this subsection, we will show how to extrapolate the reliability parameters from an ALT, assessed for a given solar cell temperature, to the real solar cell temperature. We assume that (i) the reliability parameters are accelerated by temperature and the obtained results follow an Arrhenius law [10, 17] and (b) the activation energy, E & , has been evaluated previously in the same temperature ALT that has provided the solar cell reliability results.
In the proposed case study (detailed in section 3.1), the reliability parameters have been obtained for a reference temperature of 80 °C [10] As derived from Eqn (4), if solar cell temperature is lower than 80 °C, then AF will be lower than 1, while if solar cell temperature is higher than 80 °C, then AF will be higher than 1. AF also depends on the activation energy (£ a ) value obtained in the ALT. Figure 2 shows the impact of temperature for different activation energy values on AF.
In this reliability analysis, the following assumptions have been considered:
• Not only the solar cell temperature for thermally driven failure mechanisms but also the time that the solar cell is at that temperature are important. Therefore, the solar cell temperature for the whole year will be defined by a histogram representing the time intervals for which the solar cell is at different instantaneous temperatures [18] .
• Temperature is the main environmental parameter defining the solar cell reliability. This assumption is very common for many electronic and optoelectronic devices [19] [20] [21] [22] .
• Only the solar cell operation period is considered (namely, when DNI is higher than 20 W/m ). This is a common practice in reliability because it is widely accepted that devices that are not working have much higher reliability than devices that are working [23] . 
This yearly equivalent time at 80 °C value, which depends on solar cell temperature and _E a , can be compared with the reliability results at 80 °C obtained in the temperature ALT. Therefore, reliability parameters for a given solar cell type and location can be assessed. In section 3, this procedure will be applied to the solar cell type whose temperature ALT reliability has been analysed in previous works [10] .
RESULTS
Because the final results depend on the selected CPV module, we have applied the model of section 2 to a real application in order to show the model's functionalities. The most relevant parameters of the real application are as follows:
(1) Characteristics of the CPV module:
• The CPV module implements commercial latticematched GalnP/GalnAs/Ge triple-junction solar cells with an active area of 49 mm solar cell (7x7 mm).
The temperature ALT of this solar cell type has been carried out in a previous work [10] .
• Thermal resistances related to the solar cells in the CPV module have been assessed from a previous work [16] . -Rth c_m-1-476 C/W , which does not depend on wind speed as it has been explained in section 2. On the other hand, R± m _ a decreases with wind speed and it has been fitted to a linear relationship, Ahm_a(w)= L783~0 -102 ' v wind, being
Vwi nd the wind speed in m/s. • Concentration ratio is 820 suns • Solar cell efficiency is 35% at 820 suns.
• Optical efficiency is 85% (2) Reliability parameters of the solar cells under arbitrary typical conditions (5 h per day at r cell = 80 °C) determined in Refs [10, 24] used to evaluate the reliability parameters in real conditions:
• The E a of the main failure mechanism is 1.59 eV.
• The warranty time for 5% of failures at r cell = 80 °C, tw,m °c> is 206225 h. Assuming that solar cell is working at 80 °C 5 h per day, this warranty time results in 113 years [10] .
Case study: CPV module with triple junction commercial cells operating in Madrid (Spain) in 2014
In order to illustrate the whole procedure described in section 2 when applied to the real application described in the preceding texts, we need to customise it for a given location and year. We have chosen Madrid in 2014, and we have used ambient temperature, DNI and wind speed as atmospheric parameters. Data have been obtained from the Instituto de Energia Solar meteorology station that measures the data each minute. Firstly, we have discretised and summarised the atmospheric parameters for Madrid in 2014 in histograms that represent the time in a year that the atmospheric parameter is within an interval of the selected parameter; that is, for ambient temperature, the interval is 1 °C, while for DNI 20 W/m and for wind speed, the interval is 0.5 m/s. Figure 3 shows the wind speed, DNI and temperature histograms for Madrid in 2014.
Figure 3 (bottom) shows the histograms of the ambient temperature and the solar cell temperature calculated by following the model described in section 2.1 for Madrid in 2014 only when there is solar radiation. Obviously, these histograms will vary each year in each location; thus, an analysis of both influences will be presented in section 3.3. Figure 3 (bottom) shows that the ambient temperature when there is solar radiation ranges from -2 °C to 36 °C, while solar cell temperature ranges from 0 °C to 102 °C. Moreover, the solar cell temperature histogram exhibits higher values and a larger dispersion than ambient temperature. In fact, the cell temperature histogram is lefttailed and exhibits a mean of 66.9 °C, a median of 72.7 °C and a mode of 78.5 °C. These values are slightly lower than the 80 °C used in Ref. [10] . The impact of this difference will be analysed in section 3. The solar cell temperature histogram gives us information about the real temperature the solar cell is. However, it is necessary to consider that, from the reliability point of view, the influence of one unit of time, that is, 1 h, at high solar cell temperatures has much more influence in the life of the product than this same unit of time at low temperatures because of the influence of acceleration factor. Therefore, in order to achieve a reliability target, not only solar cell temperature must be considered but also the influence of solar cell temperature must be taken into account. How to assess the reliability parameters considering this influence is shown in the succeeding texts.
In order to determine the solar cell reliability parameters for Madrid in 2014 from the reliability parameters at 80 °C obtained by means of ALT, it is necessary to take into account the AFT, VK for the different solar cell temperatures. By applying the acceleration factors at the different intervals of the solar cell histogram (Eqn. (5)), a new histogram results in Figure 4 with the equivalent time at 80 °C for each temperature interval. As it can be seen in Figure 4 , the equivalent time at 80 °C for temperatures higher than 80 °C is larger than real time because AF (Eqn (4)) is larger than 1, while for temperatures lower than 80 °C, the equivalent time at 80 °C is lower than real time.
The new solar cell temperature histogram with equivalent time at 80 °C shown in Figure 4 exhibits a more symmetric and narrowed distribution shifted to the higher solar cell temperature values and presents the following features:
(1) The total number of equivalent hours at 80 °C in Madrid in 2014 for this solar cell was 5884 h that corresponds to 16.1 h per day. This value is three times larger than the arbitrary one of our previous work [10] , namely, 5 h per day at 80 °C. Therefore, the solar cell temperatures with the highest impact on reliability are those larger than 90 °C. Now, we can start to use these results. Considering that the equivalent time at 80 °C in Madrid in 2014 was 5884 h, the warranty time (for 5% of failures) of 206225 h at 80 °C obtained from ALT [10] would mean 35 years. This value does not depend on the reference temperature value (80 °C in this case) because if other reference temperatures were selected, the used AF to assess the warranty time (206225 h for 80 °C) from temperature ALT will be the same than the AF used to assess the yearly equivalent time from the solar cell temperature histogram (5884 h for 80 °C) at the selected reference temperature. Therefore, if a higher reference temperature is selected, both the warranty time and the yearly equivalent time will be lower, but the ratio of them, which is the warranty time in years, will be the same. For instance, if we select 90 °C as reference temperature in order to obtain the ALT results for the same solar cell, the warranty time at 90 °C is 48885 h and yearly equivalent time at 90 °C is 1395 h, and therefore, warranty time will be again 35 years as can inferred from the following equation: 
90*C/80*C
We have been focused in the calculation of the warranty time (for 5% of failures), but the model can be applied to any other reliability parameter calculated from the temperature ALT by means of the same procedure.
Instant versus average meteorological data
In order to evaluate the impact that instant atmospheric values have when assessing the reliability parameters, we have compared the warranty times evaluated from instantaneous values (measured each minute) or from average values (hourly and daily). Figure 5 shows the solar cell temperature for Madrid in 2014, considering both instantaneous and average data.
As it can be seen in Figure 5 , the instantaneous solar cell temperature histogram is very similar to the hourly average solar cell temperature but very different to the daily average solar cell temperature histogram. As reliability parameters (i.e. warranty time) are greatly affected by high extreme solar cell temperature values, it is very important to consider instantaneous atmospheric data. In fact, average atmospheric data underestimate high solar cell temperature values, so the corresponding warranty times are higher than warranty times assessed for instantaneous values. obtained by using instantaneous values. Therefore, in order to determine proper reliability values, it is necessary to use instantaneous (in the range of minutes) meteorological data.
Influence of location and year
As climatic parameters depend on the location and year, we have determined the solar cell temperature histograms with equivalent time at 80 °C for three locations, namely, Tucson (AZ,USA), Madrid (Spain) and Golden (CO, USA), and four years: 2012, 2013, 2014 and 2015 ( Figure 6 ). From those histograms, it is possible to determine the warranty time for the different locations and years that are gathered in Table I and summarised in Figure 7 . This figure shows important differences in warranty times for the different locations and years. The results show that locations with higher mean solar cell temperature with equivalent time at 80 °C (TeqMean) have lower warranty times and that locations with similar annual DNI irradiation (Table I) and therefore similar expected annual photovoltaic electricity production, such as Madrid (Spain) and Golden (Colorado-USA), exhibit significant differences in warranty times. These differences are due to the impact of other atmospheric parameters such as ambient temperature and wind speed that affect the mean temperature at 80 °C equivalent temperature (Table I) Additional data as average solar cell temperature with equivalent time at 80 °C and mean direct normal irradiation (DNI) are both calculated for daylight periods. As it can be seen, 2015 exhibited anomalous data. The origins of such results were the exceptional climatic conditions described above task because we have recently shown that the failure origin of these cells is related with the front metal grid and its external connection and not the semiconductor structure [25] . If the failure limit for warranty would increase from 5% to 10% of the solar cells, larger warranty times would be obtained (Table II) for the three locations. Therefore, we have shown that it is crucial to consider the location and its climatic characteristics (ambient temperature, wind speed and DNI) in order to properly determine the reliability parameters of a type of CPV solar cell implemented in a real CPV module. 
DISCUSSION
In section 3, we have applied the model to a specific case study (CPV module) for three locations and four years in order to show the most significant results of applying the model proposed in section 2. However, it is interesting to discuss the impact that the variation of some parameters of the case study (CPV module design) has in the results. This is why, in this section, we will analyse the influence of R± c _a (because it affects the solar cell temperature) and of E s (because it affects to the reliability results and it relates with main failure mechanism in the solar cells).
Influence of solar cell heat extraction
It is well known that a reduction of the solar cell working temperature entails an improvement in reliability. There are several strategies to reduce the solar cell temperature in a CPV module, the most important being as follows:
• To reduce the thermal resistances, R th c _ m and R th m _ a ( Figure 1 ). The first case needs improvements in materials and in the thermal design of the solar cell assembly on the carrier and on the carrier packaging onto module, while the second case requires improvements of the thermal transference of module to the ambient. As an example of R^ m _ a [16] and 'Characteristics of the CPV module' in section 3). This thermal resistance reduction would result in an increase of the warranty time for the three locations (see e.g. the impact for Tucson in Table III ). The estimated warranty times considering the whole period 2012-2015 are 118.1, 51.9 and 25.6 years for Golden, Madrid and Tucson respectively. However, that temperature reduction is not for free but impacts the cost of the CPV module and thus the LCOE. The trade-offs between reliability and costs are analysed in section 5.
• To reduce the solar cell size implies a more homogenous heat distribution in the module because it improves the heat extraction, thus reducing the temperature increase with respect to ambient temperature for the same sun concentration [26, 27] . The use of small solar cells allows to reduce costs in the heat dissipation, but, on the other hand, it requires an increase in the number of components and operations for the same module area that can increase the costs. This trade-off can be overcome if strategies like the LED-like manufacturing approach are used [28] .
Influence of activation energy
A key parameter affecting the solar cell reliability is the activation energy of the main failure mechanism. A change of the energy activation value will entail different AF values as it has been shown in Figure 8 . In order to analyse the influence of activation energy in warranty times, we have applied our model to activation energy values, namely, 0.9 eV and 1.02 eV, obtained in previous works also for III-V solar cells [9, 11] . The results are presented in Figure 8 , which shows that warranty times decrease when activation energies increase. This is because high E a values produce an AF increase and its influence on high temperatures has a big impact. This trend is always values, reflecting inflation and costs of financing by means of the nominal discount rate (d) [29] :
Ea (eV) Figure 8 . Influence of activation energy on warranty times. Three activation energies obtained in previous works, (a) 0.9 eV [11] , (b) 1.02 eV [9] and (c) 1.59 eV [10] have been used in the calculations.
qualitatively valid, but its quantification depends on the location and solar cell temperature histogram. Therefore, if the failure associated with the front metal grid connection detected in the analysed solar cell [25] was mitigated or solved, the remaining failure modes (which did not have time for appearing in the ALT) will appear later on, thus resulting in a higher warranty time. In consequence, improved versions of these commercial solar cells will increase substantially the real warranty times.
INFLUENCE ON THE LEVELISED COST OF ELECTRICITY
The LCOE is defined as the cost of a unit of electricity in current monetary units. As a tool for system analysis, LCOE is particularly suitable, thanks to its projection of costs over the useful life of the system. It incorporates the normalised per W p initial investment or cost of the system (C) and adds operation and maintenance costs (OM) over the system life cycle (N). In order to obtain the total electricity output, the initial electricity generated by the system (E) incorporates the available annual DNI and the alternating current (AC) system efficiency, while for the subsequent years, the annual decrease of the power of the CPV system because of degradation (e). It then discounts the future revenue from the system to present
The LCOE is therefore calculated as a constant over the whole life of the system, expressed in €/kWh, $/kWh, etc. Therefore, LCOE allows comparisons between costs of the electricity generated by different technologies. It contains more information than the system cost (expressed in terms of €/W p , $/W p , etc.). All in all, it is the cost of energy that the end user is interested in, not the cost of the installed power.
Our choice for the nowadays values of the parameters influencing Eqn (8) is aligned with the approach described in Ref. [29] . The evolution of these nowadays values after a 1 GW p cumulative installed power is also considered (Table IV) . The life for a solar PV system is usually coincident with the manufacturer's guarantee period, which, in this paper [2, 29] , we assume as the warranty times presented in sections 3 and 4 (N= t w ). For the initial system cost, we assume the nowadays value of €2.05/W p calculated in Ref. [27] for a 1 MW p installation in the conditions of 2014 (lOOOx; module efficiency of 32.3% based on 40% efficient solar cells together with a benefit of 5% for the Engineering, Procurement and Construction Contractor). This value of €2.05/W p could be below €2/W p in 2016, but it is difficult to quantify because of the lack of current accurate data. In LCOE calculations, further reductions in system cost down to 0.8 €/W p achievable after 1 GW p cumulative installed CPV capacity will be also taken into account.
Regarding OM cost, we have considered the expense of cleaning panels, replacing the inverter once during the system's lifetime and the tracker maintenance. The accuracy of OM cost data is not very high because of the relatively young companies producing CPV systems, and it will increase as experience grows. An assumption that is frequently made in the absence of meaningful operating data is that OM cost adds up to 2% [30] of the normalised per W p initial investment cost, giving a figure in €/W p , $/W p , etc., and is assumed to remain constant over time. Accordingly, we adopt an annual 2% for OM costs nowadays and 0.5% (which considers an improved and mature technology) after 1 GW p cumulative installed capacity. Table IV . Values for nowadays and after 1-GWP cumulative installed concentrator photovoltaic (CPV) capacity in the levelised cost of electricity (LCOE) calculation assuming the data presented in Ref. [29] . The choice of a discount rate value comes with ample uncertainty. The concept of discount rate puts a value on time preference on money, which varies by circumstance, location and the period considered. Besides, some investors vary their discount rate between PV technologies to reflect their perception of their financial risks. In this sense, CPV is discriminated against. Therefore, we have chosen d = 8% nowadays in comparison with a typical 4% for flat plate PV [31] that we assume after 1 GW p cumulative capacity.
Regarding commercial module efficiency, we have considered for nowadays a current typical value of 32% as it was described in Ref. [29] , while a value of 37% is expected to be reached well after 1 GW p cumulative installed power. The whole CPV system efficiency (AC) is the result of applying a correcting factor of around 0.83-0.85 to module efficiency (as a consequence of interconnection losses, module mismatch losses, tracking and wiring losses, high operating temperature and spectrum variations, soiling and, finally, DC-AC conversion efficiency). Therefore, nowadays, the 32% module efficiency results in 26.8% system efficiency (AC), while it would increase till 30.5%, thanks to the 37% efficient module after 1 GW p cumulative installed power [29] . The summary of the assumed values is presented in Table IV . Now, the specific values for each analysed location have to be determined. Firstly, the annual direct normal irradiation has been averaged at each location for the period of 2012 to 2015. The warranty times presented in Table I have been also averaged for the same period and are assumed as the lifetime of the CPV system. These warranty times were calculated for the real CPV module having a rear plate thickness of 2 mm acting as passive heat sink. Finally, the improvement of the heat removal by increasing the rear plate thickness till 4 mm not only increases the warranty time (as described in section 4.1) but also increases 5% of the initial system cost. Again, the warranty times have been averaged for the 2012-2015 period. The summary of these values is presented in Table V . The results of the LCOE calculations are shown in Figure 9 . As can be seen, nowadays, the LCOE of €clO-12/kWh can be achieved for the three locations that are competitive with the LCOEs achieved by silicon flat plate systems in sunny locations for residential and commercial segments [29, 32, 33] . The LCOEs achieved in Madrid and Golden are very similar, showing that the huge lifetime of the CPV systems in Golden does not strongly impact LCOE because future revenue from the system to present values is discounted to reflect inflation and costs of financing. Besides, we have assumed for the OM cost the inverter's replacement once during the system's lifetime, while more replacements seem necessary for lifetimes longer than 30 years (as the cases of Madrid and Golden), thus increasing the LCOEs presented in Figure 9 (top). Consequently, the better heat extraction achieved by using a 4 mm rear plate in the module does not produce a significant LCOE reduction in Madrid and even an increase for Golden. On the contrary, the use of a 4 mm rear plate in the module results in an LCOE reduction from 11.6 to 9.9 €c/kWh in Tucson, thanks to a lifetime increase from 15 to 26 years respectively. In this situation, the higher DNI of Tucson drives the cost reduction when comparing with Golden and Madrid. and system cost (€0.8/W p ) than those of silicon flat module systems and even better performance in aspects such as degradation rate and system life (Tables IV and V) . In this scenario, a dramatic LCOE reduction to levels of €c2-3/kWh is expected (Figure 9, bottom) . Now, the influence of a high DNI is counterbalanced by longer system lifetimes; thus, the increase of the rear plate thickness till 4 mm has sense for Tucson and Madrid. The low impact that DNI has in this scenario would suggest that CPV systems could be cost competitive also in regions with moderate DNI. In fact, the grid parity is envisaged for places with annual DNI of 1000 kWh/m such as Central Europe, North of USA and most part of Canada [29] . The results obtained, like any other derived from the reliability determination of a given product, are relevant to the specific type of solar cells and modules analysed in this paper, although the obtained trends are of general application.
SUMMARY AND CONCLUSIONS

Glossary of Terms
• AF: Acceleration factor. Factor that is accelerated the life of a device with respect nominal conditions due the stress applied in an accelerated life test.
AFT,
VK
Acceleration Acceleration factor of a temporal reliability parameter (i.e. warranty and mean time to failure) due the solar cell temperature is r cell with respect to 80 °C solar cell temperature.
• ALT: Accelerated life test. Is a test where a working device is subjected to conditions higher than normal service parameters in order to accelerate the failures times with the objective to assess the life parameters in a short period of time.
• Arrhenius equation: From a reliability point of view gives the basic relationship between the rate at which a failure mechanism occurs, the temperature and the activation energy of the failure mechanism.
• C: Normalised per W p initial investment or cost of the system. • D: Nominal discount rate.
• E: Initial electricity generated by the CPV system.
• E & (eV): Activation energy, defined as the minimum amount of energy required to initiate a particular process. It is used in order to assess temperature AF in Arrhenius model. • Equivalent time at 80 °C: Time at r cell is extrapolated to equivalent time at 80 °C multiplying the real time by AFT cell / . From reliability point of view will be the equivalent time at 80 °C.
• k: Boltzmann constant. It is used in order to assess temperature AF in Arrhenius model. • n: Years for a given calculation of LCOE.
• N: Life cycle of the CPV system.
• OM: Operation and maintenance costs.
• -Rth •' Thermal resistance. The thermal resistance (R±)
is defined as the rate of temperature increase (K) for the dissipated power (W • e: Power degradation of the CPV system.
